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SPECIFICATION 



INK-JET RECORDING METHOD AND DEVICE 



Technical Field 

The present invention relates to an ink- jet recording 
device which records an image by a single-pass recording method. 

Background Art 

Usually, an ink- jet recording device repeatedly moves a 
recording head, with a plurality of ink-ejecting nozzles 
arranged thereon, in the direction different from the nozzle 
arrangement direction to print an image. A band of image area 
(band) is formed during each movement of the recording head. 
Repeatedly forming such bands completes the recording of the 
whole image. 

When a high-density image with fill-in areas is recorded 
during such band formation, ink could be scattered depending 
upon the material or the surface condition of a recording 
medium. This event, called a "splash", may cause an unevenly 
printed image. 

A multi-pass recording method, which records one band in 
several passes of the head, can prevent the splash because the 
recording density of each pass is reduced. However, the 
recording speed in the multi-pass recording method is degraded. 

Another method which reduces the per-dot ink ejection 
amount could be employed. However, reducing the ink ejection 
amount causes distortion of dots, that is called "line 
stepping" . 



/wrsss Mill IkZLm&OSZlWUS 



For use with the single-pass method, there are several 
other technologies for preventing unevenly printed images caused 
by splashes. One of them is to perform a VRC (Vector-to-Raster 
Conversion) for converting print data format from vector into 
raster, to check the bit-mapped image data, which is expanded in 
the frame memory, to find solid-drawing filled-in areas, and 
then to reduce the density of the area inside each filled-in 
area, except the filled-in boundary, in order to prevent an 
unevenly-printed image caused by splashes. However, checking 
the frame memory, which contains raster-converted print data, 
for finding filled-in areas on a software basis requires that 
the frame memory be checked one bit at a time, thus increasing 
the processing time. On the other hand, making this search on a 
hardware basis will increase the cost of the device. For this 
reason, this technology is not practical on a standard ink jet 

recording device. 

Therefore, to solve the problem described above, it is an 
object of the present invention to provide a single-pass ink jet 
recording method and device capable of reducing an ink splash 
( splash event ) , which is caused when a solid-drawing area is 
printed, through the processing of the interpreter of the ink 
jet recording device which forms a fill-in data pattern and a 
thick line shading data pattern. 

It is another object of the present invention to provide a 
single-pass ink jet recording method and device capable of 
reducing a splash event depending upon the difference in the ink 
jet recording devices or in the ink running characteristics of 
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the recording medium. 



Disclosure of Invention 

An ink- jet recording method according to the present 
5 invention receives a command and data which indicate a drawing 
of a thick line or a filled- in area, analyzes the command and 
the data by an interpreter, converts vector data of the thick 
line or the filled-in area into raster data based on a given 
data pattern after the analysis, and, based on the raster data, 
10 ejects ink droplets while moving a recording head over a 
recording medium with a plurality of ink ejection nozzles 
arranged thereon, the method comprising the steps of: before 
converting to the raster data, checking by the interpreter 
whether the data pattern indicates solid-drawing in each of the 
15 thick line or the filled-in area for which the drawing is 

indicated; and, if the data pattern indicates solid-drawing, 
changing the data pattern to a lower -density pattern, thereby 
preventing an ink splash during printing. 

This configuration allows the ink jet recording device to 
20 reduce the density of the solid-drawing area of a thick-line or 
a filled-in area and to reduce the splashes without having to 
change the processing performed on an external computer terminal 
and so on and without the need for searching the frame memory 
for filled-in areas. 
25 The interpreter may change the data pattern, for example, 

using a predetermined mask pattern. This makes it easy to 
change the data pattern. 



preferably, one mask pattern should be selected from a 
plurality of predetermined mask patterns according to a type of 
the recording medium. This allows the density to be reduced 
according to the type of recording medium. 
5 If the thickness of the thick line is smaller than a 

predetermined thickness, the data pattern remains unchanged 
which will eliminate an unnecessary process to be performed and 
reduce the processing load. 

It is preferable that the data pattern be changed at least 

10 for black ink. 

An ink- jet recording device according to the present 
invention comprises an interpreter for analyzing a command and 
data which indicate a drawing of a thick line or a filled-in 
area; means for converting vector data of the thick line or the 
15 filled-in area into raster data based on a given data pattern 
after the analysis by the interpreter; and a recording head for 
ejecting ink droplets, based on the raster data, while moving 
over a recording medium with a plurality of ink ejection nozzles 
arranged thereon, wherein the interpreter includes a pattern 
20 changing means for checking whether the data pattern indicates 
solid-drawing in each of the thick line or the filled-in area 
for which the drawing is indicated and, if the solid-drawing is 
indicated, changing the data pattern to a lower-density pattern. 
The data pattern changing means may change the data pattern 
25 by using a predetermined mask table which stores therein a 
predetermined mask pattern. 

Preferably, the predetermined mask table contains a 
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plurality of mask patterns each corresponding to a type of the 
recording medium and the pattern changing means selects one of 
the mask patterns according to the type of the recording medium 
used. 

5 The present invention is suitable for an ink jet recording 

method and device employing a single-pass recording method. 



\ I 

•3 



Brief Description of Drawings 

FIG. 1 is a block diagram showing a hardware configuration 
10 of a plotter which is used in an embodiment of an ink jet 
recording device according to the present invention. 

FIG. 2 is a diagram showing data conversion which is 
performed in the plotter shown in FIG. 1. 

FIG. 3 is a flowchart showing the processing flow, from 
15 input data reception to printing, of the plotter shown in FIG. 
1. 

FIG. 4 is a diagram showing an example of an image formed 
in the frame memory when the plotter shown in FIG. 1 analyzes a 
thick line and a filled-in area and converts them into raster 
20 data. 

FIG. 5 is a diagram showing a display list DL corresponding 
to the example shown in FIG. 4. 

FIG. 6 is a diagram showing an example of the configuration 
of a thick-line shading data pattern which is used on the 
25 plotter shown in FIG. 1. 

FIG. 7 is a diagram showing a data structure of the shading 
data pattern shown in FIG. 6. 



FIG. 8 is a diagram showing an example of a thin-out table 
which is used in the embodiment of the present invention. 

FIG. 9 is a flowchart showing an example of details of 
vector shading data pattern storing process S31 shown in FIG. 3. 

FIG. 10 is a flowchart showing an example of details of 
fill-in data pattern storing process S34 shown in FIG. 3. 

Best Mode for Carrying Out the Invention 

An embodiment according to the present invention will be 
described in detail with reference to the attached drawings. In 
the description of the embodiment, a plotter will be described 
as an example of an ink jet recording device according to the 
present invention. 

FIG. 1 is a block diagram showing the general configuration 
of the plotter used in the embodiment. In FIG. 1, numeral 11 
indicates a CPU for controlling the overall operation of the 
device. Numeral 12 indicates a RAM used as the work area for 
the CPU 11 or a temporary data storage area. Numeral 13 
indicates a ROM for storing therein data and programs which are 
executed by the CPU 11 to operate the ink- jet recording device. 
Numeral 14 indicates an interface via which the ink jet 
recording device connects to an external computer terminal and 
the like, via this interface, drawing commands or plotter 
description language data including thick-line data (having 
start-point and end-point coordinates) and fill-in data ( 
including vertices of approximate polygons) are transferred. 
Numeral 15 indicates a liquid crystal display (LCD) for 
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displaying man-machine interface information, and numeral 16 
indicates a key operation unit for selecting and specifying the 
setting of the ink- jet recording device. Numeral 17 is a print 
unit using an ink jet head, and numeral 18 indicates a system 
5 bus for connecting the CPU 11 to other elements. 

The ink jet head in the print unit 17 has 128 nozzles for 
each color in this embodiment. Normally, for color printing, 
yellow, magenta, and cyan inks are used in addition to black. 
The degradation of image quality due to splashes is conspicuous 
10 for black ink, but less for other colors. Therefore, in this 
embodiment, the present invention applies only to black. 

As shown in FIG. 2, the plotter in this embodiment performs 
data analysis processing for thick-line data to convert the data 
to an intermediate language called a display list (DL). This 
15 thick line data, received from an external unit, are included in 
the vector data which are written in the plotter description 
language. Then, the plotter performs a vector-to-raster 
conversion (VRC) based on this display list. As will be 
described later, the display list is data generated by 
20 temporarily converting the vector data of thick-lines or filled- 
in areas to a format suitable for a band-basis raster conversion 
during the VRC processing. This list, per se, is known. Ink 
droplets are ejected from the ink jet head in a band-by-band 
manner in response to the raster-converted image data. 
25 as will be detailed below, the present invention takes 

measures for preventing splashes during a process in which 
vector data are converted into raster data. 
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FIG. 3 is a processing flowchart from input data reception 
to printing. 

First, input data (data written in the plotter description 
language) is received from an external unit (S21). Data 
analysis is made on the received data in accordance with the 
format of data written in the plotter description language 
(S22). This data analysis means is generally called an " 
interpreter". As a result of data analysis, processing steps 
S31, s32 or S33, S34 are performed, which will be described 
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Data analysis S22 and processing steps S31 - S34 are 
repeated until the print start command at the end of data coded 
in the plotter description language of each page is detected 
(S23). These steps create the above -described display list in 

15 the RAM 12. 

After the print start command is received, VRC processing 
is performed based on the display list to convert the vector 
data, which has been analyzed so far, into raster data (S24). 
This raster-converted image data are stored in the frame memory 
20 (located in the RAM 12) in the bit-mapped format. 

One band of print data for use in printing by the ink jet 
heads is prepared during this VRC processing, and then the 
actual print operation is started (S25). The VRC processing 
step S24 and the print processing step S25 are repeated the 
25 number of times equal to the number of bands in one page. 

The main processing performed as a result of data analysis 
is a vector data storing processing, in which the start-point 
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and end-point coordinates of the vector (thick line), line 
thickness (width) information, and data defining the thick-line 
connecting shape and the thick-line tip shape are stored in the 
display list to perform a VRC processing (S32). Together with 
5 the vector data storing processing, the thick-line shading data 
pattern is stored in the display list for raster izing the thick- 
line (S31). This is a data pattern for defining the shading or 
grayscale level of a thick-line, which is referenced when the 
thick-line is rasterized. Also stored in the display list are 
10 the coordinates of a filled- in area (vertex data of polygon, 
etc.) (S33). Together with this step, a fill-in data pattern 
used for rasterizing the filled- in area is also stored in the 

display list (S34). 

An example of thick line data and filled-in area data, as 
15 well as an example of a display list created corresponding to 
them, will now be described. 

FIG. 4 shows examples of images formed in the frame memory 
when thick-line data and filled-in area data are analyzed and 
rasterized. 

20 For a thick line 40 defined by a start point 41 and an end 

point 42, the coordinates of four vertices 43, 44, 45, and 46 of 
a rectangle, which indicate a line with a thickness or width 
(thick-line), are calculated based on the line thickness data. 
Also, the coordinates of the crossing points 47, 48, — at the 

25 intersection between the rectangle outline (contour) and the 
band boundaries are calculated. For a filled-in area 50, the 
crossing points 61, 62, at the intersection between the area 
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outline and the band boundaries are calculated from the 
coordinates of the vertices 51, 52, 53, ... of the polygon. In 
the VRC processing that follows, each raster of the closed area 
to be drawn is filled-in, for each of bands #1, #2, #3, in 
accordance with the shading data pattern or the fill-in data 
pattern specified for the area to be drawn (thick-line or 
filled-in area) based on the coordinates of the vertices and the 
coordinates of the crossing points. 

FIG. 5 shows an example of a display list DL corresponding 
to the example shown in FIG. 4. In this example, the thick line 
40 appears first in band #1 and extends to bands #2 and #3. The 
filled-in area 50 appears first in band #4 and extends to bands 

#5, #6, and #7. 

Therefore, in the area of a display list 500 corresponding 
to band #1, a shading data pattern 501 of the thick line 40 and 
the vertex data (coordinates) 502 (including the crossing points 
47, 48, ... described above) of the thick line 40 are stored. 
The shading data pattern of a thick line, which is the same 
regardless of the position where the thick-line is drawn, is 
stored only in the display list area corresponding to the band 
where the thick-line appears first but not in the areas 
corresponding to the subsequent bands. In addition, the vertex 
data of a thick- line are stored only in the display list area 
corresponding to the band in which the thick line appears first, 
in the areas corresponding to the subsequent bands over which 
the thick-line extends, the vertex data of the thick-line in 
that band are referenced. That is, in the example shown in the 
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figure, the vertex data 502 of the thick line 40 is stored only 
in the area corresponding to band #1. In the areas 
corresponding to subsequent bands #2 and #3, stored are 
addresses 503 and 504 (same value) of the area in which the 
5 vertex data 502 of the thick line 40 are stored. For general 
image data, this display list format reduces the amount of data 
to be stored therein. 

The display list of a filled-in area is also stored as 
described above. That is, in the display list area 
10 corresponding to band #4 where the filled-in area 50 appears 

first, stored are a fill-in data pattern 505 and vertex data 506 
(including crossing points 61, 62, ...) of the filled-in area 
50. In the subsequent areas corresponding to bands #5, #6, and 
#7, stored are the addresses 507, 508, and 509 (same value) of 
15 the area containing the vertex data 506 of the filled-in area. 
For a filled-in area, as with a thick line, the fill-in data 
pattern is stored only in the area corresponding to the first 
band (indicated by band #4 in FIG. 5) but not in the areas 
corresponding to the subsequent bands. 
20 Alternatively, instead of storing all vertex data only in 

the area corresponding to the first band of a thick-line (or a 
filled-in area) , the vertex data of each band may be stored in 
the area corresponding to that band. 

FIG. 6 shows an example of the configuration of a shading 
25 data pattern. The configuration of a fill-in data pattern is 
the same as that of a shading data pattern. 

A shading data pattern is represented as a dot-pattern 
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matrix defined by x horizontal dots and y vertical dots. In 
each dot position "l" (print) or M 0" (non-print) is set. As 
shown in FIG. 7, the shading data pattern like this is 
represented by a pattern width x 701, a pattern height y 702 , 
and pattern data address 703. Pattern data 704 (a string of 
numeric values 0 and 1) are stored in the storage location 
specified by the address. 

The present invention may be applied also to a 
configuration in which a plurality of shading data patterns are 
stored as default data and only the pattern number of a thick- 
line is specified externally. 

FIG. 8 shows an example of a thin-out table (mask table) 28 
used in the embodiment. This thin-out table 28 may be stored in 
the ROM 13 in advance. The thin-out table 28 classifies 
recording medium types 281 into a plurality of groups (three 
groups in this example) and, for each group, defines a target 
duty factor (Duty) 283 for preventing a splash and a 
corresponding thin-out pattern 284. This table is provided 
considering the fact that a splash is more conspicuous when the 
surface of the recording medium used is white and bright. 
Another factor to cause a splash is the characteristic of a 
recording medium which determine the extent of ink running 
easily thereon. Therefore, in the embodiment of the present 
invention, the splash conspicuousness levels (to what degree 
ink runs easily) are divided into three. That is, recording 
media on which a splash is conspicuous belong to the first 
group, recording media on which a splash is less conspicuous 



belong to the second group, and recording media on which a 
splash is the least conspicuous belong to the third group. The 
least conspicuous splash of ink belonging to the third group is 
an amount of the splash which may be observed by examining the 
surrounding of a filled-in area with the use of a magnifier such 
as a loupe. 

As shown in FIG. 8, the more likely a splash is caused, the 
smaller the Duty 283 of a group of recording medium types 281 is 
set. The actual Duty value ranges from 70% to 80% according to 
the level. This range is selected considering the fact that a 
70% or lower value changes the color and that a 80% or higher 
value is not effective to prevent a splash. 

The recording medium type can be detected based on the 
information set up as external information via the operation 
units 15 and 16 shown in FIG. 1 or on data entered from the 
interface 14 shown in FIG. 1. 

It is to be understood that the level 282 and the Duty 283 
are shown here for illustrative purposes only and that they need 
not be stored as data in the form of the table 28. The "Hex" in 
the thin-out pattern 284 indicates that the immediately 
preceding numeric value is hexadecimal. 

FIG. 9 shows an example of a vector shading data pattern 
storing processing S31, shown in FIG. 3, in which the thin-out 
table 28 is used. 

In this example, a vector shading data pattern is prepared 
for a thick-line during data analysis, as in a conventional 
method (S41). However, it should be noted that, in the method 
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according to the present invention, this pattern is not stored 
immediately because it may be changed later. 

Next, a check is made whether the print mode is a single- 
pass print mode or a multi-pass print mode (S42). If the print 
mode is the multi-pass print mode, control is passed to step S48 
which will be described later. This is because the multi-pass 
print mode, in which the ink ejection amount in each pass is 
small as described above and therefore a splash is less likely 
to occur, is excluded from the processing of the present 
invention. 

If the print mode is the single-pass print mode, a check is 
made whether the thick line is 32 dots thick or thicker (S43). 
If the thick line is thinner than 32 dots, control is passed to 
step S48, which will be described later, to exclude the line 
from the processing because there is less need to apply the 
present invention to such a line. 

If the thick line that is 32 dots thick or thicker, a check 
is made whether the duty factor of the vector shading data 
pattern is 100% (S44). The duty factor of 100% means that the 
pattern data (see FIG. 6) is composed of all binary "l"s, that 
is, solid drawing. If the duty factor is not 100%, control is 
passed to step S48 which will be described later, judging that a 
splash will not occur. 

If the duty factor is 100%, the type of the recording 
medium is checked (S45). The thin-out pattern is obtained from 
the thin-out table 28 according to the type of the recording 
medium (S46). 



The previously-prepared shading data pattern is changed 
based on this thin-out pattern (S47). That is, logical product 
operation is performed on the shading data pattern data and the 
thin-out pattern. Because the thin-out pattern is shorter in 
length in most cases, this operation is repeated sequentially 
for successive parts of the shading data pattern. The shading 
data pattern changed in this manner is stored in the display 
list as described above (S48). In the VRC processing that 
follows, the thick-line is converted into raster by using this 
shading data pattern. 

FIG. 10 shows an example of the details of the fill-in data 
pattern storing processing S34 in FIG. 3 in which the thin-out 
table 28 is used. Steps S51 - S57 in this processing are 
substantially the same as steps S41 - S48 in FIG. 9 except that 
there is no step corresponding to step S43 and the "shading data 
pattern" is changed to the "fill-in data pattern". Therefore, 
the same description is not repeated. 

Although the present invention has been described in its 
preferred embodiment, it is to be understood that various 
modifications can be made. For example, the thin-out pattern 
need not necessarily be changed according to the recording 
medium type. In addition, the numeric values of thin-out 
patterns for each recording medium are not limited to those 

shown in FIG. 8. 

As a modification of the present invention, data may be 
thinned out using the thin-out table shown in FIG. 8 when a de- 
compressor (interpreter) for use with compression data, such as 
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run-length or packed-bit compression data received as image 
data, finds that the ink is ejected to print a solid-drawing 
area. This is because, when the compression data are run-length 
or packed-bit compression data, it is easy to determine whether 
5 or not the data are solid-drawing data. 

According to the present invention, the interpreter detects 
a solid-drawing area and thins out ink dots from the solid- 
drawing area. This arrangement allows the ink jet recording 
device to do correction and to reduce splashes in a solid- 
10 drawing area without having to change the processing performed 
on an external computer terminal and so on. 

The above processing, which is performed by the 
interpreter, eliminates the need for checking the frame memory 
for finding filled-in areas, reducing the processing load. 
15 m addition, separately preparing mask patterns for 

reducing the density according to factors, such as the size of 
the area to be corrected and the recording medium type, allows 
better splash-reducing correction processing to be performed. 

20 Industrial Applicability 

The present invention is applicable to the design and 
manufacturing of an ink- jet recording device. 



